The origin of superconductivity in the two-dimensional salt β ′′ -(BEDT-TTF)2SF5CH2CF2SO3, which has a quarter-filled conduction band, was investigated by infrared and THz spectroscopy. The optical conductivity evidences interaction of the charge carriers with charge-order fluctuations. An intense charge-fluctuation band forms and strong localization due to nearest neighbor Coulomb interaction significantly reduces the spectral weight of the Drude response. Below Tc these excitations become gapped which suggests that superconductivity is mediated by charge-order fluctuations. In addition we discover a collective charge-order excitation which is linked to lattice vibration. [7, 8, 9, 10, 11, 12, 13] . The insulating charge-ordered state in the latter materials was extensively studied by theory [14, 15, 16] and experiment [17, 18] . Calculations on the extended Hubbard model propose that the insulating state is formed due to large values of the effective on-site and inter-site Coulomb repulsion U/t and V /t, respectively, where t is the hopping integral related to the bandwidth. For weak correlations the compounds are metallic. But close to the metal-insulator phase boundary, charge fluctuations are observed [8, 18, 19] , while the response of coherent carriers is still present. Superconductivity is predicted on the border between this metallic and insulating states. Charge order fluctuations, being a formation of a short-range checker-board charge order pattern were proposed to act as an attractive interaction of quasiparticles which form Cooper pairs in the superconducting state [7, 20] .
Naively superconducting and ordered insulating states are incompatible. This is true in the competition of charge-density wave and superconductivity [1] , or static stripes in cuprates [2] , for example. Recent experimental and theoretical developments in materials with strong electronic correlations suggest, however, that fluctuations of an ordered state may mediate superconductivity. Prime candidates are magnetic order for heavy fermions [3, 4] and HTc [5] , incommensurate charge-density waves in dichalcogenides [6] , or fluctuating charge order for layered organic materials with 1/4-filled conduction band [7, 8, 9, 10, 11, 12, 13] . The insulating charge-ordered state in the latter materials was extensively studied by theory [14, 15, 16] and experiment [17, 18] . Calculations on the extended Hubbard model propose that the insulating state is formed due to large values of the effective on-site and inter-site Coulomb repulsion U/t and V /t, respectively, where t is the hopping integral related to the bandwidth. For weak correlations the compounds are metallic. But close to the metal-insulator phase boundary, charge fluctuations are observed [8, 18, 19] , while the response of coherent carriers is still present. Superconductivity is predicted on the border between this metallic and insulating states. Charge order fluctuations, being a formation of a short-range checker-board charge order pattern were proposed to act as an attractive interaction of quasiparticles which form Cooper pairs in the superconducting state [7, 20] .
In this Letter we present experimental evidence for superconductivity mediated via charge fluctuations in a two-dimensional metal. Our example β ′′ -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 posses a 1/4-filled conduction band and becomes superconducting at T c ≈ 5 K [inset of Fig. 1(a) ].
Since it is supposed to be extremely close to the charge-order transition [7] , the compound is an ideal model to investigate the interplay between charge order and superconductivity. The crystal structure contains layers of BEDT-TTF (bis-(ethylenedithio)tetrathiafulvalene) molecules sandwiched between the insulating sheets of anions. Within the layer, the molecules are organized in stacks along the a-axis; due to the large orbital overlap of adjacent stacks, a quasi-two-dimensional electronic system is formed with a slight in-plane anisotropy [21] . We performed optical reflectance spectroscopy on high-quality single crystals (3×1.2×0.15 mm
3 ) [22] in wide frequency (8−8000 cm −1 ) and temperature (300 − 1.8 K) ranges by using FTIR and THz spectrometers. The superconducting gap was also investigated with a Martin-Puplett spectrometer as a function of temperature and magnetic field.
Infrared measurements are a widely used method to gain information on the dynamics of a conducting electronic system [23] . The molecular structure of the conducting layer gives a unique possibility to locally probe the charge distribution on the sites by investigating charge sensitive molecular vibrations of the BEDT-TTF molecules [13] . With the electric field polarized perpendicular to the conducting planes we can follow the temperature dependence of the infrared-active chargesensitive vibration B 1u (ν 27 ) [24] . While a single broad band is observed at room temperature, below 200 K the molecular vibration splits in two bands with a separation of ∆ν = 22 cm −1 [ Fig. 1(b) ]. The single band at high temperatures can be identified with the sites carrying in average +0.5e per molecule as expected for a 1/4-filled metal. The splitting at low temperatures corresponds to a charge difference ∆ρ ≈ 0.2e between two sites. As demonstrated in Fig. 1(a) , this charge redistribution does not affect the conducting properties directly: in microwave and dc measurements the system shows metallic behavior down to the temperature of the superconducting transition [25] . We want to explore this charge ordered metallic state [26] , before we investigate the influence on superconductivity.
For the rest of the paper, we will focus on the charge dynamics in the highly conducting ab-plane. By measuring up to 8000 cm −1 we cover the energy range of the conductance band W formed by the overlap of the BEDT-TTF molecular orbitals [13] . For an uncorrelated metal we would expect all spectral weight concentrated in a zero-frequency (Drude) peak of the conductivity spectrum. Electronic correlations severely alter the dynamical properties of the charge carriers [23, 27] . For the present case of a 1/4-filled systems in the charge ordered metallic state close to the charge-order transition three spectral features are expected [20] : (i) A broad mid-infrared band associated with site-to-site transitions within the charge order pattern, (ii) a Drude peak describing the coherent-carriers response, and (iii) a finitefrequency 'charge fluctuation band' due to quasiparticle scattering at the charge fluctuations [8, 19] . In the family of α-phase BEDT-TTF salts, for instance, which also have 1/4-filled conduction bands, only a part of the spectral weight (up to 50%) is located in the Drude peak [8] , while the rest is shifted to higher frequencies, due to correlation effects.
From the spectra plotted in Figs. 2(a) it becomes obvious that localization effects are much more pronounced in
, leaving only about 5% of the spectral weight in a very narrow Drude peak, while the rest is shifted to the broad band in the midinfrared and an extremely strong charge-fluctuations band. This distinct feature appears at about 300 cm −1 as the charge disproportionation develops below T = 200 K, and it softens by about 20 cm −1 down to the lowest temperature. Its spectral weight grows with decreasing the temperature to 50 K because the fluctuations gets stronger and their influence on the quasi-free charge carriers increases. Below 40 K the charge-fluctuation feature becomes weaker because spectral weight shifts to the coherent-carriers part, as we can see from the in- crease of the Drude response [ Fig. 3(a) and (b) ]. The fact that a coherent-carriers contribution appears at low temperatures is known from other 1/4-filled organic conductors [8, 28] . Here we see the importance of the redistribution of the specral weight that we assign to charge fluctuation effects.
These details of the temperature dependence are in agreement with the results of numerical calculations of the extended Hubbard model on a square lattice with nearest-neighbor Coulomb repulsion V , which is the minimum model that can describe a metal-insulator transition in quasi-two-dimensional molecular conductors with 1/4-filled conduction band [7] . In the strong coupling limit (U → ∞) we obtain a temperature behavior, the results for T=0 match the results of exact diagonalization [20] . After calculating the self-energy, the extended Drude formula is used to obtain the temperature dependent conductivity presented in Fig. 2(c) for a metal close to charge order with V /t = 0.53 along the line marked in the phase diagram of the inset (d).
Most important, upon decreasing T a finite-frequency feature due to charge fluctuations emerges and gradually softens in agreement with our experimental observations (Fig. 2) . In the re-entrant regime at T < 0.2t, where the phase border line bends back with decreasing temperature, the charge-fluctuation peak weakens compared to the dominating Drude contribution. This is again consistent with our experimental results, albeit the calculation overestimate the metallic effects. The energy and temperature scales are defined by the hopping integral t. For the systems under investigation a reasonable value of a transfer integral is t ≈ 25 meV; hence the phase boundary turns back below 50 K, in agreement with the experiment. However, the calculated position of the finite-frequency feature is somewhat lower than observed. Nevertheless, considering the simplicity of our model, the agreement with experiment is very good.
There exist alternative descriptions of charge order, that include a strong coupling to the lattice, resulting in a polaronic state [29] . In these models the finite-frequency feature is more intense, in accord to our experimental data, but the expected charge disproportionation ∆ρ is much too high compared to the value observed for chargeordered metals [30] . Nevertheless, we suggest that polaronic effects enhance the low-energy band and should be taken into account in some more sophisticated model.
Unexpectedly and not predicted by theory, we observe a very strong phonon mode at 30 − 40 cm −1 when the electric field is polarized along the stacks [ Fig. 3(a) ]. Lattice modes in this spectral range are vibrations that modulate the distance between the sites [31] . Accordingly, the mode gains intensity as charge disproportionation appears below 200 K. In other words, the mode is a collective excitation of the charge order, in phenomenological analogy to the collective phason mode of a charge density wave [32] . A similar observation was recently reported for charge-ordered manganites [33] . According to our vibrational probe, ∆ρ ≈ 0.2e remains constant; however, the intensity of the 40 cm −1 -lattice mode increases upon cooling, in a way similar to the low-frequency electronic features. This proves the strong coupling to the charge-carrier response. Indeed, in the insulating charge-ordered compound α-(BEDT-TTF) 2 I 3 the similar mode at around 35 cm −1 has a lower intensity and no temperature dependence [34] . It was also suggested [35] that the phonons of this frequency give an important contribution to the specific heat of
For a closer inspection of the coherent-carriers contribution we perform an extended-Drude analysis [23, 27] , which gives more insight into the many-body interactions. In Fig. 3(c) and (d) we plot the frequency dependence of the scattering rate dependence evidenced the electron-electron interaction for a Fermi-liquid [36] . In contrast, for β ′′ -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 the lowest frequencies 1/τ (ω) is basically frequency independent, and starting from 30 cm −1 we observe a linear dependence on frequency, The lowfrequency conductivity in E ⊥ stacks direction; from the extended Drude analysis of the conductivity spectra measured at 30 and 10 K, we obtain the frequency dependence of (c) the scattering rate and (d) the effective mass.
which in general appears due to interaction with bosonic excitations [19, 20, 37] . We assign this linear behavior to the interaction of coherent carriers with charge fluctuations and those lattice modes which become collective charge-order excitations. The values of the scattering rate and effective mass were calculated by using ω p of the Drude part only. This implies that only a small part of the charge carriers in the band is involved in the low-frequency processes. This assumption agrees with Ref. 38 , who observed a much smaller Fermi surface than calculated. The enhancement of the low-frequency mass is about 4m e [ Fig. 3(d) ], in good agreement with 1.9m e for the Shubnikov-de-Haas effective mass and 3.9m e received from specific heat measurements [35] .
When we follow the Drude-like response into the superconducting state, the opening of a superconducting gap is observed below T c = 5.4 K, which clearly shows that these coherent-carriers are involved in both, the interaction with charge order and superconductivity. For frequencies below 2∆ ≈ 12 cm −1 the reflectivity jumps to 1 at T = 1.8 K. The temperature dependence of R(T )/R(6K) plotted in Fig. 4(a) shows the development of the gap upon further lowering the temperature: the ratio increases on cooling at frequencies below 2∆(T ). The assignment to the superconducting gap is supported by magnetic-field dependent measurements, presented in Fig. 4(b) . While in the absence of magnetic field reflectivity below the gap frequency increases on entering the superconducting state, the normal state reflectivity is recovered when the applied magnetic field exceeds the critical field of B c ≈ 3.4 T [35] .
The size of the superconducting gap 2∆(0) ≈ 12 cm
suggests weak coupling with 2∆/k B T c ≈ 3.3. Theoretical investigations of superconductivity mediated by chargeorder fluctuations predict d xy symmetry [7] . Based on our infrared measurements we cannot make a definite statement on the gap symmetry; nevertheless the behavior can be well described by a simple s-wave model according to the BCS theory for superconductors with arbitrary purity [39] . From our reflectance data in a broad spectral range, we conclude the presence of charge fluctuations and superconductivity in β ′′ -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 . Vibrational spectra indicate charge disproportionation of 0.2e between the sites below 200 K, while the transport properties stay metallic. At 30-40 cm −1 a collective charge-order excitation via a lattice mode is found which implies the strong interaction with charge carriers. A charge-fluctuation band at 300 cm −1 becomes strong below the charge-ordering temperature. It indicates the increasing charge fluctuation effects; these can cause the attractive interaction and lead to the formation of Cooper pairs. From the extended Drude analysis it becomes obvious that the quasi-free carriers interact with charge fluctuations above 30 cm −1 . Below T c ≈ 5 K the superconducting gap opens in the Drude response at 12 cm −1 , indicating weak coupling.
Upon cooling both Drude-like contribution and the charge fluctuation band increase sumiltaneously. This implies the close interplay of the charge-ordered and the metallic state rather than their competition. By comparison with related 1/4-filled compounds, it becomes obvious that β ′′ -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 possesses the lowest Drude spectral weight, the most intense charge-fluctuation band, and the highest superconducting transition temperature. Our data on the isostructural β ′′ -(BEDT-TTF) 2 SF 5 CHFSO 3 , for instance, reveal that in this compound the electronic transport remains metallic down to lowest temperatures, but no superconductivity is observed [25] ; vibrational spectroscopy [30] proves that no charge order occurs. All these facts suggest that superconductivity is mediated by charge order fluctuations in 1/4-filled quasi-two-dimensional organic conductors.
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